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INTRODUCTION 
Patients with dry eye symptoms present themselves daily to 
the practicing optometrist. They typically complain of a long~standing 
scratchy or sandy feeling in their eyes or under their lids. They also 
describe their discomfort as burning, dryness, itching, redness, photo-
sensitivity, or lid pain. These problems can be attributed to a lack 
of integrity in the precorneal tear film. (Holly, 1980). 
The tear film is comprised of three layers: aqueous from the 
lacrimal and accessory lacrimal glands, mucin from the conjunctival gob-
let cells, and oi 1 from the meibomian glands. A deficiency in any of 
these component layers can lead to breakdown of tearfilm function--the 
prevention of damage to the corneal epithelial cells due to desiccation. 
Various conditions and systemic diseases exhibiting dry eye symptoms are 
Sjogren's syndrome, sarcoidosis, drug side-effects, old age, dry climate, 
avitaminosis A, and chronic conjunctivitis. The practitioner needs to 
differentially diagnose, and if possible determine the etiology of the 
symptoms, in order to best manage the patient. 
The Shirmer #1 tear test has been the standard used to assess 
the lacrimal tear flow since 1903. Great variations in test results 
have been reported over the years. (Wright, 1969). This can partially 
be attributed to the effects of age and sex on tear flow, (Henderson, 
1950), and to the effect of various ways of administering the test. 
(Polse, 1976). Medication has been shown to affect Shirmer results, 
(Nielson, 1979). As a tool for diagnosing keratoconjunctivitis sicca, 
which is dry eye associated with Sjogren's syndrome, an 85% sensitivity 
and 83% specificity have been reported, (Van Bijsterveld, 1969). It has 
been less efficient, however, as an indicator of subjective ocular 
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discomfort in clinic populations. (Avisar, 1978). Despite these draw-
backs, low test results are indicative of a tear volume deficiency and 
the test is widely used for this purpose. 
The measurement of tear film breakup time (BUT) has been used 
clinically to assess the quality of the precorneal tear film. (Norm, 1977). 
Poor tear film quality can be attributed to a deficiency in any of the 
three component layers. (Holly, 1980). Low BUT is an indicator of the 
poor inter-relationship of these layers. Film breakdown exposes the 
highly innervated cornea to areas of drying and resulting discomfort. 
BUT results can show variability between a patient's two eyes, but for 
an individual eye it has been demonstrated as repeatable. (Lemp, 1973). 
The results from the BUT test do not correlate well to the results of 
the Shirmer #1 test. (Kame, 1976). Each test then may be measuring a 
different parameter of the tear film. 
Corneal dyes have been used to evaluate the integrity of the 
corneal and conjunctival tissue. Rose Bengal has been commonly used by 
the ophthalmological community to stain devitalized tissue associated 
with dry eye problems. Its principle drawback is its capability to 
permanently stain those dead eel ls in the cornea and conjunctiva. Both 
ophthalmologists and optometrists use fluorescein to detect areas of 
discontinuity in the epithelial cell wall on the anterior surface of 
the eye. Originally it was believed that non-pathological corneas 
would not exhibit any stains after installation of corneal dyes. (Norn, 
1964). Later study revealed that staining could be observed in 37% of 
an adult population with a sequential installation of 2% fluorescein. 
(Korb, 1970), and 17% developed micropunctate corneal staining after 
installation of 0.125% fluorescein. (Norn, 1970). These micropunctate 
stains indicate a deficiency in corneal wetting that leads to cell 
damage. 
Blink rate and corneal sensitivity are two other variables 
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that could affect the subjective severity of dry eye complaints. (Polse, 
1977). The typical blink rate is believed to be once every five seconds, 
(McEwen, 1962), and varies greatly depending on individual activity, 
(Hall, 1962; Bagley, 1979). The blink rate at minimum should equal the 
BUT to keep the tear film intact and the tissue wet. High or low indiv-
idual corneal sensitivity could lead to variable symptoms despite simi-
lar tear film quality. 
Since no one test is selectively diagnostic for dry eye, we 
formulated a diagnostic testing sequence using equipment and techniques 
familiar to optometrists. We examined the predictive value of this 
sequence on a population of symptomatic and asymptomatic subjects. 
Also, we compared the performance of the individual tests to diagnose 
the symptomatic individuals. 
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METHODS 
Subjects 
Thirty-seven subjects were selected to participate in this 
experiment. All were Pacific University students. Subjects were solic-
ited through announcements in the campus newsletter, through posted 
notices on campus bulletin boards, and through announcements to all 
optometry classes. All respondents were asked to complete a survey, 
(see Appendix 1). In addition, ninety-one surveys were randomly distri-
buted to optometry students to obtain additional subjects. Every fourth 
male and every other female listed in the optometry student directory 
received a survey. 
All respondents who indicated they might have dry eye complaints 
were requested to fill out an additional questionnaire, (see Appendix 2). 
The selection criteria for inclusion into the symptomatic group were: 
(1) frequent (daily) complaints of generalized dryness, burning, itching, 
scratchy (foreign body) sensation, or sandy feeling, and (2) the symptoms 
were long-standing (at least one year), and not necessarily associated 
with prolonged reading. 
Those subjects exhibiting any of the following conditions were 
excluded from the study: (1) contact lens wear, (2) chronic or acute 
ocular infections or diseases, (3) lid defects such as ectropion or 
entropion, and (4) artificial tear therapy- unless it could be discon-
tinued for at least one day prior to testing. 
Based on these criteria, nine symptomatic subjects were 
obtained - four females and five males. 
The asymptomatic group was comprised of all respondents who 
had no subjective symptoms suggestive of dry eye. There were twenty-
eight in this group - eight females and twenty males. 
The ages of all subjects were between 19 and 34. 
Testing Sequence (see Appendix 3) 
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A concise 10-15 minute clinical sequence to test for corneal 
and tear film integrity was developed for this study. Our diagnostic 
test battery was comprised of five tests (blink rate, tear break-up time, 
fluorescein staining, Shirmer•s #1 test, and corneal sensitivity), and 
was performed on all thirty-seven patients. Traditional pass/fail 
criteria were used for the tear break-up and Shirmer 1 s #1 tests. A 
four-grade staining scale was formulated to evaluate corneal fluorescein 
staining patterns. In an attempt to account for two possible confounding 
variables, the blink rate and corneal sensitivity were also measured. 
Blink Rate: While the release form was read by the subject, 
the number of times the subject blinked was counted, and converted to 
a blink rate per minute. 
Tear Break-Up Time (BUT): To measure BUT, the following procedure 
was used. (1) A fluorescein strip was moistened with one drop of Blinx 
sterile ophthalmic irrigating solution. (2) Approximately 1-2 cm2 of 
fluorescein was deposited onto the superior orbital conjunctiva. 
(3) The subject was asked to blink fully three to five times. (4) Using 
a Mentor biomicroscope (16x magnification), the tear film was observed 
with a 3-4 mm wide parallelipiped section .. The time in seconds from 
the subject 1 s last blink until the break-up of the uniform fluorescein 
film was recorded. Three to five measurements were taken on each sub-
ject. (5) The BUT was considered deficient if less than 10 seconds, 
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and sufficient if 10 seconds or greater. 
Fluorescein staining: Five minutes after the installation 
of fluorescein for the BUT test, the cornea was surveyed, using a Mentor 
biomicroscope (16x) with a 7-8 mm wide parallelipiped. To grade the 
micropunctate staining of the cornea, the following criteria were used: 
Grade 0 
Grade I 
Grade II 
Grade II I 
No staining 
5-20 micropunctate stains 
No clumping 
50-100 micropunctate stains 
1 or 2 c 1 umps 
>100 micropunctate stains 
3 or more clumps 
Abnormal staining was considered Grade I, I I, or I I I. 
Shirmer Test #1: To perform the Shirmer test, the following 
steps were performed. (1) The subject was positioned in a darkened 
room. (2) A folded Shirmer strip was inserted into the lower cul-de-
sac just temporal to the puncta. (3) The subject was instructed to 
open the eyes normally and maintain a slightly upward gaze. (4) The 
length of the strip moistened in five minutes was measured to the 
nearest mm. If the complete strip (30 mm) was moistened in less than 
five minutes, it was removed. (5) Tear volume was considered inadequate 
if less than 15 mm was moistened in five minutes, and sufficient if 
15 mm or greater was moistened. 
Corneal Sensitivity: The Cachet-Bonnet esthesiometer was used 
to rate corneal sensitivity of all subjects. (1) The subjects were 
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seated with their heads in a straight ahead and slightly elevated 
position. (2) The experimenter placed his elbow on a table directly 
below the subject's chin, while holding the esthesiometer perpendicular 
to the corneal surface. (3) The subject 1 s line of sight was maintained 
slightly above horizontal while the esthesiometer fiber was touched to 
the cornea just below the inferior pupil border. The esthesiometer 
fiber was then removed after the first noticeable bend in the fiber was 
observed. (5) The fiber was initially positioned at the 6 em mark and 
reduced 0.5 em until the subject first felt the touch of the filament. 
To ease subject apprehension, the fiber was brought almost to 
corneal surface and removed without making contact on the first trial. 
Statistics 
The standard epidemiological measures of the predictive value 
for a diagnostic procedure are sensitivity and specificity. Sensitivity 
is the accuracy with which a screening procedure correctly identifies 
those individuals that have a particular disorder. It is defined as the 
ratio of the number of true positives (TP) over the total number of 
symptomatic individuals (TP + FN). (See Appendix 4). Specificity, 
similarly, is the test 1 s ability to correctly identify those who do not 
have the disorder. It is expressed as the number of true negatives (TN) 
divided by the total number of asymptomatic population (TN + FP). These 
two tests were used to evaluate our three diagnostic tests: tear break-up 
time, fluorescein staining, and Shirmer•s #1 Test. 
In addition, chi square (x2), another non-parametric test, 
was calculated for the three tests mentioned above. 
The t test was used to evaluate significant levels of differ-
ence between the means of the symptomatic and asymptomatic patients• 
blink rate, tear break-up time, and corneal sensitivity. 
Similarly, the Mann Whitney U-test, also non-parametric, was 
used to evaluate significant differences between the symptomatic and 
asymptomatic groups• corneal staining and Shirmer #1 findings. 
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RESULTS (See Table 1) 
A series of clinical tests used for screening a population of 
patients with a certain disorder should be valid. One way to evaluate 
the predictive value of clinical tests is based on measuring their sen-
sitivity and specificity. Ideally a test should be highly sensitive and 
specific. Often the test criterion level can be set so as to increase 
sensitivity and decrease specificity, or vice versa. The advantage of 
this concept is that the criteria can be set according to the screening 
purpose- to maximally find those with the disorder (increase sensitivity) 
or to screen those that do not have it (increase specificity). 
Based on our criteria, the maximum sensitivity in this experi-
ment is .78. This occurs if we assume a result is positive if and only 
if one of the three tests (BUT, fluorescein staining, and Shirmer•s #1) 
are positive. The corresponding specificity is .46. (See Table 28, 
at bottom). 
The maximum specificity attained is .96. This assumes a 
positive result only if all three tests indicate positive. The corres-
ponding sensitivity is .11. 
In looking at the single test results, the tear break-up time 
yields the highest sensitivity, and combined sensitivity and specificity. 
All three tests have comparable specificities with the staining proced-
ure having a slight edge. (See Table 2A). 
When comparing the paired test results (see Table 2B), simi-
lar findings are evident. The tear break-up time combined with either 
of the two other ~rocedures yields the better sensitivity values. 
Specificity is once again comparable between paired tests. 
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Similarly, the chi square demonstrated that the break-up time 
test was the best predictive indicator of the three. It was the only 
test exhiniting a significant value at the 0.1 level. (See Table 3). 
The difference between the means of the tear break-up time for 
the symptomatic and asymptomatic groups was also significant at the .05 
level. (See Table 3). 
The Mann-Whitney U test indicated no significant difference 
(.05 level) between symptomatic and asymptomatic findings for the 
Shirmer's test or the fluorescein staining test. (See Table 3). 
Finally, the symptomatic group did not exhibit a significantly 
different level (.05 level of confidence) or corneal sensitivity or blink 
rate from the asymptomatic group. In addition, both groups demonstrated 
normal blink rates (McEwen, 1962) and corneal sensitivity (Knoll, 1970). 
However, when the blink rates and break-up times are examined together, 
4/9 (44%) subjects in the symptomatic group had blink rate/break-up time 
products (BRX BUT) of less than 40 seconds. This indicates that the 
tear film could be deficient (that is, broken up) for up to 1/3rd of 
the time. None of the asymptomatic group displayed this low a product. 
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DISCUSSION 
Any screening procedure should be reliable, valid, and yield 
a high percentage of previously undiagnosed conditions prevalent in a 
population. Based on all three tests for the ''dry eye", it was possible 
to be either very sensitive (.78) or specific (.96), but not both based 
on the criterion originally set. 
Tear break-up time was the best individual test demonstrating 
superior sensitivity to the other two tests and maintaining fair spec-
ificity (.75). The test itself is reliable; it can be repeated with 
similar test results. In this experiment it showed high predictive 
value although other investigations have demonstrated less reliability, 
especially for keratoconjunctivitis sicca patients (Gilbard, 1978). 
One reason why break-up time is a valuable predictor, is that 
abnormalities in any of the three tear components can cause a short 
break-up time. In addition, the product of blink rate and break-up time 
may be of further predictive value. Although a person may have a normal 
break-up time, a low enough blink rate could still expose the cornea 
to areas of consistent tear breakdown. 
The Shirmer's #1 test results demonstrated no significant 
discriminatory ability. This result is similar to the results reported 
by other authors (Avisor, 1978; Wright, 1969; Mackie, 1981). Most 
authors agree the test is not very reliable or valid, and symptomatic 
treatment should not depend on the results of this single test. 
The fluorescein staining procedure is repeatable, but was 
of low predictive value in this study. One reason why this test 
showed such low sensitivity was that all symptomatic patients exhibited 
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only moderate dry eye complaints. None had keratoconjunctivitis sicca. 
Further, if the criterion level had been set at Grade I I, then the results 
would have demonstrated higher specificity. 
Finally, fluorescein has been shown to be ineffective in 
staining early stage micro-epithelial cysts (Humphrey, 1981). The 
efficacy of Rose Bengal to stain these early micro-epithelial cysts 
should be evaluated. Increased ability to stain these earlier corneal 
changes would be more diagnostic. 
In the subject sample examined, there was no significant diff-
erence in blink rate or corneal sensitivity between the symptomatic and 
asymptomatic groups. This indicates neither variable is a confounding 
factor in this study. 
In conclusion, the break-up time is the best individual test 
used in this study. Its sensitivity and specificity alone are comparable 
to any two tests, or three tests, in combination. Further, tear break-
up measurements are reliable and valid. This test requires no additional 
equipment normally present in an optometric practice or clinic. There-
fore, if an optometrist was to perform just one test, the tear break-up 
time would be the test of choice. 
Two other diagnostic tests, tear osmolarity (Gilbard, 1979) 
and lysozyme activity (Van Bijsterveld, 1969; Mackie, 1981) are presently 
being researched. 
Not only are these tests more discriminatory than the standard 
clinical tests, but they also aid in isolating the etiology of the 11 dry 
eye 11 • However, until these tests become more commercially and econom-
ically feasible, tear break-up time is the most adequate single clinical 
test for 11 dry eye•• individuals. 
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TABLE l 
Symptomatic Individuals 
Blink Rate BUT (sec.) Staining Sh i rmer #l Corneal Sen-(#/min.) Procedure (mm.) sitivity (mm) 
l 4.0 7.8 II 19 4.5 
2 5.5 13.5 0 30 4.5 
3 12 4.9 0 30 5.5 
4 14.5 15. l 0 2 4.5 
5 5.0 4.4 II 7 5.0 
6 3.0 18.3 0 30 4.5 
7 4.5 5. l 0 7 5.0 
8 4.0 8.5 0 30 5.0 
9 9.5 6. l 0 30 4.5 
Table continued ..... 
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TABLE 1 
Asymptomatic Individuals 
Blink Rate BUT(sec.) Staining Shi rmer #1 Corneal Sen-(#/min.) Procedure (mm.) sit i vi ty (mm) 
1 6.0 9.6 0 30 4.5 
... . . 2 1'1.5 . ..... ·16.7 0 3([ . s~o 
3 10.5 13.3 0 30 3.5 
4 10.0 11.0 I 25 4.5 
5 8.5 20.5 0 0 5.0 
6 9.0 10.5 I 0 5.0 
7 12.0 11.7 0 30 5.0 
8 2.5 18.5 0 30 5.0 
9 4.5 10.3 0 30 4.5 
10 9.0 22.0 0 11 4.5 
1 1 4.5 9.6 0 30 4.0 
12 9.0 19.2 0 23 4.5 
13 4.0 21.0 0 13 4.0 
14 4.0 13.2 0 30 4.5 
15 2.5 29.0 0 30 5.0 
16 3.5 15. 1 0 18 5.0 
17 5.5 12.6 I 30 5.0 
18 3.5 21.6 0 30 4.0 
19 6.5 19.9 0 30 4.0 
20 10.5 9.6 I 19 3.5 
21 11.5 9.6 0 30 4.5 
22 5.5 14.0 0 12 5.5 
23 6.5 8.5 0 1 5.0 
24 10.0 7. 1 0 29 5.5 
25 6.0 15.5 0 30 5.5 
26 10.5 9.8 I 1 1 5.5 
27 5.0 14.5 I 13 s.o 
28 8.0 15.4 0 30 6.0 
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TABLE 2 
Sensitivity and Specificity Rates 
A. Single Test 
Sensitivity Specificity 
Break-up .67 .75 
Time 
Fluorescein 
.22 .79 Stain 
Sh i rmer #1 
.33 .71 Test 
B. Tests in Combination 
Maximumize Sensitivity Maximumize Specificity 
~ensitivity Specificity Sensitivity Specificity 
Break-up time 
and .67 .61 .22 .93 
Stain 
Break-up time 
and .78 .54 .22 .93 
Sh i rmer #1 
Stain 
and .44 .61 . 17 .89 
Sh i rmer #1 
Break-up Time, 
Stain and .78 .46 . 11 .96 
Shirmer #1 
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TABLE 3 
Statistics 
Based on test 
criterion 
Signif. Sign if. 
Mean so z-score at .05 x2 at . 10 
level level 
Sympt. 6.89 sec. 4.09 sec. 
Blink 
z=.l69 None Rate Asympt. 7.14 sec. 2.99 sec. 
Break-up Sympt. 9.3 sec. 5.08 sec. 
Time z=2.69 Signif. x
2
=5. 18 Signif. 
Asympt. 14.61 sec. 5.23 sec. 
Stain ·;':: ";~ z=.24 None x2=.003 Not Signif. 
Sh i rmer #1 -;,':, "'k z=.27 None x2=.07 Not Signif . 
Corneal Sympt. 4.78 mm . 36 mm 
Sens. z=.22 None Asympt. 4.65 mm .58 mm 
i~No mean or standard deviation ca 1 cu 1 a ted 
APPENDIX 1 
Dear Fellow Optometry Students: 
You have been randomly chosen to receive this survey and possibly 
take part as a subject (either experimental or control) in our 4th 
year research project. We are investigating the validity of several 
diagnostic tests involved with ''dry eye" syndrome. If you qualify, 
it will involve a 15 to 20 minute testing session (Shirmer's test, 
tear break-up time, corneal staining test). Your cooperation will be 
greatly appreciated. Please fill out the information at the bottom of 
this form now; then drop into Dave Crockett's mailbox. 
Thank you. 
Dave Crockett 
Tom Koll 
NAME ---------------PHONE ----------
ADDRESS 
Please circle the correct responses: 
Are you currently a contact lens wearer? 
Have you been an unsuccessful contact lens wearer? 
Have you had an ocular infection in the past month? 
Do you frequently (almost daily) experience any of these 
common "dry eye" complaints or symptoms" 
Generalized dryness 
Burning 
Scratchy (foreign body) sensation 
Sandy fee 1 i ng 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 
No 
No 
No 
Testing will take place Tuesday and Thursday (October 27 and 29) 
from 6-9 p.m. and Wednesday (October 28) from 7-10 p.m. If available, 
please indicate a compatible evening and time to fit your schedule. 
Day ------------------------ Time ---------------------
If you know of anyone who has dry eye complaints, please indicate 
at the bottom of this sheet. 
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APPENDIX 2 
CONTINUATION OF SURVEY 
NAME -----------
When did you first have dry eye complaints (generalized dryness, 
burning, scratchy (foreign body) sensation, or sandy feeling)? 
How often do you have dry eye complaints (days)? 
18 
What times of the day do they occur (morning, afternoon, and/or evening)? 
How long do they last (hours)? 
What, if anything, relieves your symptoms? 
Have you had the condition checked by an optometrist? 
If so, has the practitioner recommended therapy to relieve the symptoms? 
Do any of these procedures work for you? 
If so, what? 
Were these symptoms preceded by any injury or infection? 
Thanks for your cooperation, 
Dave Crockett 
Tom Ko 11 
APPENDIX 3 
DRY EYE DIAGNOSTIC SEQUENCE 
Test 
Calculation of Blink Rate and 
Installation of fluorescein 
I I Calculation of Tear Break-Up Time 
I I I Evaluation of Fluorescein Stain. 
IV Shirmer #1 Test . 
V Corneal Sensitivity 
Time Required 
1.0- 1.5 min. 
0.5 min. 
1.5 2.0 min. 
2.0 2.5 min. 
1.0 6.0 min. 
1.0- 2.0 min. 
7.0- 14.5 min. 
19 
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APPENDIX 4 
SENSITIVITY AND SPECIFICITY 
Individuals 
With the Disorder Without the Disorder 
(symptomatic) (asymptomatic) 
Positive test results 
(fails to meet True Positive (TP) False Positive (FP) 
criterion) 
Negative test results 
(meets the criterion False Negative(FN) True Negative (TN) 
leve 1) 
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